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By Roger W. Peters

An experimental investigationwas made
parabolic titeraction curve for the elastic

COMPRESSION
.

to validate a theoretical
buckling of flat rectangular

~lates under combined shear and longitudinal compression loads. 5
four flat rectangular plates tested formed the sides of a sqm.re box
having corner angles. Although some of the experimentally determhmi
points lie above end others below the theoretical interaction curve, the
average of the individual experimental points plotted very closely to
this theoretics. curve recommended for design use. T@ experimental
results were also ccmpared with a theoretical interaction curve for the
walls of a square tube without corner angles.

INTRODUCTION

Because the plate elements h an aircraft structure are often
subject to both compression and shear simultaneously, design calculations
must take into account the cmbhmtims of direct compression and shear
that will cause these @ate elements to buckle.

A theoretical interaction curve for the elastic buckling of a
long flat plate under ccmibtnedcompression and shear is available for
design purposes. An investigationwas made to provide an experimental
check cm the vslidity of this theoreticsl interaction curve. Because
the experimental work was done on a square tule constructed of four
flat plates, the experimental.results were also coqared with a
theoretical interaction curve for the elastic buckling of the walllmof
a long sqzare tube under conibinedcompression and sheer.

DISCUSSION OF THEORIES

The theoretical interaction
long flat plate with elastically
pression and shear as derived in

R.c+

curve for the elastic buckling of a
restrained edges under combined cm
reference 1 is given by the equation

Ra2 . 1 (1)
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where

Rc ratio of compressive load for huclilingunder combined load to
compressive load for lmckldinnunder compression clone‘

R~ ratio of *ear load (or torque) for bucK13ng under combtied
load to sheer load for bucKL* under shear alone

The curve of equation (1) is shown in figure 1 as the curve labeled “plata.

Because of the difficulty of testing a dngle plate in cauibined,
compression and sheer, however, four similar -plateswere assembled in the
form of a square box as shown in figures 2 and 3. Except for the presence
of the corner engles, this box is a-square tube. -

The interactim curve for me well of a sqxare tube differs from
that for a single plate because the continuity of the walls restricts
possible bucKLing pattezms to”those that give continuity of the nodes
eround the tube. The theoretical titeraction curve for a long square
tube with pezfect continuity between the four waUs was detemdmil in
reference 2 and is shown ti figure 1 as the curve labeled “inibe”for

9

the

comparimu with the theoretical-titeraction curve for a long flat plate
described by equaticm,(1).

The presence of the corner engles in the builtip tube (or box) of
figures 2 end 3 reduces the effects of this wsll-t~ continuity,
however, and tends to isolate each wall of the box; thus each well
behaves as a plate tith elastic restraint at its edges. The experimental
results for the box tested h this investigation should therefore be
expected to lie between the two theoretical curves of figure 1.

Dlmmmwmw

Compression end torsion loads

OF BUCKGING

were applied to the box simultaneously
in various cmibinations in which the ratio of compression load to toraicm
load was maintained constent throughout each test. Buckling was detected
by the use of electrical strati-e rosettes. In order to insure that
some of the gages would be at or near a buclle crest, the gages were
mounted on the outside of the box elong the entire length of the
longitudinal center line of each plate as shown ta figure 3. Principal
strains computed from the strain—gage—rosette data were plotted both as
compressive load-strain curves end torsion load+train curves. Buclmng
was detemined by the first appearance of strah reversal cm any of the
gages distributed elong the face as described in reference 3; either the
compression or torsicm load-strain curves were used.
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Tm—m2rs AND Ccmlmmms

Presentation of Results

Figure 4 shows a set of load-strti curves obtahed for one plate
(plate A) of the box for the differmt ratios of compression to shear.
Both the compression end torsion los&strain curves are presmted. to
show the cmibinations of loading. The strah reaMngs are those for the
gage which first showed reversel; the circled nuniberby the curve
indicates the gage so designated in figure 3. Short horizontal Mnes
have been drawn on each curve to indicate the point of strain reverssll.
The relative loads are indicated by the fraction; thus, if 20 is the

buckling corupreesiveload without torque E@ if To is the ?mckling

torque without compression, then tie fraction si@ies the approximate
value of

P/Po

T/T.

where P and T are the applied compressive load and torque, reqectively,
for the particular curve. Thus, for the curve “marked 7/3,

P— = 0.7
Po

T
—“= 0.3
To

values of the ratios Rc and ~ were cmqmted for each loading

condition from the formulm

T1
Ra=—

To

where Pl and T1 are the particular ccmibinationof applied ccmprestiive

load end torque (both well tith.inthe elastic range) that caused buckMmg.
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The conqyted values of ~ mil RH me @otted in figures 5(a) to 5(d)

as potits representing buckling detected by gages on the plates A to D,
respectively. Figure 5 also includes the theoretical titeraction curves
for the plate snd for the tube.

Concluding Discussion

The fact that some of the experimental ~oints lie below the plde
theoretiml interaction curve end others lie above the tube theoretical
interaction curve (and some are even greater than unity) - al.thou@ the
~otits for each 3ndividual @ate follow a cansistmt path - suggests
that initial out+f-flatiess of the @ate may either advance or delay
buckMng . This conclusim is further confirmed by the fact that a
reversal of the shear by reversing the imrque raised the exper-tel
points for plate A frcnn%elow the plate theoretical curve to above the
tube theoretical”curve as shown in figure 6.

Ih order to ~ze the hiividual deviations from the theoretical
titeraction curves, the experimental oints h figure 5 were averaged

?eml the results are shown h figure 7 a). The average experimental points
are seen to agree better with the plate.theoretical curve of equation (1)
than tith the tube theoretical curve; this better agreemant suggests that,
because of the great stiftness provided by the double engles at the
corners of the box, the walls of the box act almost as individual plates.
Further confirmation of this faqt is shown h figure 7(b) h which are
plotted the average of the expecbnen~ points in figure 6 for the
oppositely directed torques on plate A.

Because the average exper-tal potits are only sli tl..ydifferent
?from the plate theoretical curve described by equation (1 and becauee

the coduecting angles h an aircraft slmucture are usually of greater
stiffness than those ti the square box tested, the interaction formula
of equation (1) is concluded to be suitable for design purposes.

Ian@ey Aeronautical lkloratmy
National Advisoq Committee for Aeronautics

mey Field, Va., Septamber 10, 1948
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